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Available online 6 January 2011AbstractViable bacterial communities on the surface of Gulkana Glacier (Alaska) were investigated using a cultivation method. Viable
bacteria were isolated using R2A, diluted-R2A (DR2A), LB, diluted-LB (DLB), and xylose agar at 4, 15 and 25 C. The highest
number of colony-forming units (CFU) was observed on DR2A agar plates at 4 C, ranging from 104e105 CFUmL1. A collection
of 234 morphologically distinct isolates was obtained in total. The glacial snow and ice sample was dominated by Betaproteo-
bacteria (97 isolates) andGammaproteobacteria (87 isolates). The bacterial communities were examined by amplifying 16S rRNA
genes from the isolates, and 34 phylotypes with>99% similarities were obtained. Of these phylotypes, 26 (76.5%) were similar to
those phylotypes found in bacteria that were previously recorded from cold environments. Five of the phylotypes appeared in the
clone library of a previous independent cultivation study, corresponding with 6.5% in the clone library. Our results suggest that cold
environments harbor common phylotypes of culturable bacteria, which could possibly lead to a better understanding of bacterial
diversity on glaciers in combination with molecular studies.
 2011 Elsevier B.V. and NIPR. All rights reserved.
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Many kinds ofmicroorganisms, including snow algae
and bacteria, have been found on glacier surfaces in
various parts of the world (Foreman et al., 2007;
Kohshima, 1984; Kohshima, 1987; Kohshima et al.,* Corresponding author. Biology Group, National Institute of Polar
Research, 10-3, Midori-cho, Tachikawa-shi, Tokyo 190-8518, Japan.
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1873-9652/$ - see front matter  2011 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2010.12.0022002b; Segawa et al., 2005; Takeuchi and Kohshima,
2004). These microorganisms make up an ecosystem
adapted to snow and ice, which includes cold-tolerant
animals such as insects and copepods in the Himalayas
and Patagonia (Hoham and Duval, 2001; Kohshima,
1984; Takeuchi and Kohshima, 2004; Yoshimura et al.,
1997). Microbial activity was also reported to accel-
erate the surface melting of glaciers because of albedo
reduction (Hoham and Duval, 2001; Kohshima et al.,
1993; Takeuchi et al., 2006, 2001; Thomas and Duval,
1995). Recently, snow algae retrieved from glacial icereserved.
42 T. Segawa et al. / Polar Science 5 (2011) 41e51cores collected at lower latitudes from the Himalaya,
Patagonia and Altai mountains have been used as envi-
ronmental markers for studies of past environmental
conditions (Kohshima et al., 2002a; Nakazawa et al.,
2004; Shiraiwa et al., 2002; Uetake et al., 2006;
Yoshimura et al., 2000). These environmentally impor-
tant issues should be discussed based on microbial
ecology in glaciers; however, studies of bacterial
communities on the surface of glaciers are lacking with
more studies focusing on the bacteria present in deep ice
cores (Christner et al., 2003, 2001; Miteva and
Brenchley, 2005; Miteva et al., 2004; Price, 2000;
Segawa et al., 2010b; Willerslev et al., 2007; Yung
et al., 2007; Zhang et al., 2008).
Segawa et al. (2010a) analyzed the bacterial
community on Gulkana Glacier using 16S rRNA gene
clone libraries. They found that relatively fewer types
of bacteria predominate and bacterial communities on
the glacier could be divided into three types, corre-
sponding to the snow-covered, snow- and ice-covered
and bare ice areas of the glacier. This difference in
altitude might be important in understanding glacier
ecosystems. They isolated some bacteria but failed to
subculture them; thus detailed studies of culturable
bacterial communities on this glacier have not previ-
ously been conducted. Liu et al. (2009) also studied
bacterial diversity in Tibetan Plateau Glaciers through
16S rRNA gene clone libraries and demonstrated that
bacterial diversity was related to the surrounding
environment, but they did not isolate bacteria either.
It is well known that the actual culturable bacteria in
the environment are quite low in comparison with total
amount present (Amann et al., 1995). However, a combi-
nation of culture-dependent and culture-independent
methodologies should result in a more complete charac-
terization of microbial diversity (Steven et al., 2007). In
this study, we aimed to clarify the culturable bacterial
communities on the surface of Gulkana Glacier. This
glacier is easily accessible from the highway and has been
monitored for a long time by the U.S. Geological Survey
(e.g.March, 2000). There have been reports of snow algae
and cyanobacteria on this glacier (Takeuchi, 2001), and
the microbial community on this glacier showed altitu-
dinal variations and the pattern of distribution differed
among the taxa (Segawa et al., 2010a). We isolated the
bacteria using standard R2A, diluted-R2A (DR2A), LB,
diluted-LB (DLB), and xylose agar incubated at 4, 15 and
25 C. These results were compared with previous
culture-independent results (Segawa et al., 2010a), which
could provide important information not only for under-
standing the glacier ecosystem, but also for biological
studies of the ice cores.2. Materials and methods
2.1. Glacier samples
The samples were collected from Gulkana Glacier
from 6 to 7 August 2005, which is located in the
Alaskan Range (Fig. 1) and flows west to south from
Icefall Peak (approximately 2440 m above sea level)
down to the terminus at an elevation of approximately
1220 m above sea level. We collected samples at seven
sites that varied in altitude from 1216 to 1770 m above
sea level (Fig. 1). The snowline at this time was
approximately 1650 m above sea level; therefore, the
surface conditions at the sampling sites were: snow at
the two upper sites (S5 and S6); bare ice at the three
lower sites (S1eS3); glacier water stream (S0); and
a mixture of snow and ice in the middle (S4). The bare
ice in the lower region was lightly covered with a fine
brown or black dust consisting of mineral particles and
organic matter. To identify the bacteria on the surface
of the glacier, we collected samples of the surface
snow and ice (1e2 cm in depth) using a sterilized
stainless steel scoop. The samples were stored in
50 mL sterile plastic conical tubes (Iwaki; LMS,
Tokyo, Japan) or sterile plastic bags (Whirl-pak bags;
Nasco, Fort Atkinson, WI, USA).
2.2. Enumeration and isolation of bacteria
Culturable bacteria were enumerated by the spread
plate method. Segawa et al., (2010a) isolated some
bacteria using a snowmelt medium on this glacier,
however they failed to subculture them. Therefore we
used general medium in this analysis. The glacial
samples were thawed quickly just until melted and
melted sample (1 mL) was diluted with 5 mL cold
0.85% NaCl solution and shaken. After appropriate
dilutions with the same solution, aliquots (100 mL)
were spread on R2A (Reasoner and Geldreich, 1985),
diluted (1/50 strength) R2A (DR2A), Xylose (5 g L1
xylose was used instead of glucose in R2A), LB
(SigmaeAldrich Co., St. Louis, MO, USA), and
diluted (1/50 strength) LB (DLB) agar plates that were
cold (4 C) in advance. Plates were incubated at 4, 15
and 25 C until growth of new colonies was no longer
detected (28, 14 and 14 days, respectively). Colonies
were counted only on plates with fewer than 250
colonies. Plate counts were performed in duplicate at
seven sampling sites (S0eS6; Fig. 1) and the results
are presented as the means of the plates. Representative
bacterial colonies that formed with visually different
morphologies were picked and subcultured to obtain
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Fig. 1. A map of the study area showing the location of Gulkana Glacier in Alaska and the sampling sites.
43T. Segawa et al. / Polar Science 5 (2011) 41e51pure colonies by repeated transfer on agar plates.
Isolates were defined as cultured bacteria taken from
the plates that glacier samples were spread on.
2.3. DNA extraction and PCR amplification
All manipulations were conducted within a Class 100
Clean bench (model MCV-B91S; Sanyo, Osaka, Japan).
The purified bacterial colonies were picked, suspended
in sterilized water, and transferred to individual 1.5 mL
safe-lock microcentrifuge tubes for DNA extraction
using the DNeasy tissue kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. A portion
of each DNA sample was subjected to PCR amplifica-
tion of the 16S rRNA gene using ExTaq DNA poly-
merase (Hot start version; Takara, Otsu, Japan)
according to the manufacturer’s instructions. The 16S
rRNA genes were then amplified using the bacterial
primers 27F and 1492R (Lane, 1991) as follows: 3 min
of initial denaturation at 94 C; 30 cycles of 94 C for
60 s, 52 C for 60 s, and 72 C for 110 s; with a final
extension at 72 C for 7 min. Negative control experi-
ments were subjected to the above-mentioned proce-
dures to confirm that we did not get any contamination
during PCR or isolation. Sequencingwas achieved usingBig Dye Terminator v3.1 and an ABI automatic
sequence analyzer (model 3130xl; Applied Biosystems,
Foster City, CA, USA).
2.4. Sequencing and phylogenetic analysis
The sequences were checked for chimeras using the
Ribosomal Database Project II Chimera Check (Cole
et al., 2003) and Pintail (Ashelford et al., 2005).
Homology searches were performed against the DDBJ/
EMBL/GenBanknucleotide sequence databases using the
BLAST program available from the DDBJ website, and
BlastStation software (http://www.tmsoftware.net/en/) on
January 2010.
Phylotypes were defined as 16S rRNA sequences that
shared greater than 99% sequence similarity. The
obtained libraries were then analyzed using the Mothur
program (http://www.mothur.org/wiki/Main_Page) by
comparing phylotypes on the basis of 99% similarity
between sequences as determined using the furthest
neighbor algorithm inMothur. A representative sequence
was chosen from each phylotype by a majority decision.
The 16S rRNA gene sequence of a representative in
each phylotype was imported into the Greengenes
November 2008 ARB database using the ARB software
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Fig. 2. Comparison of mean colony count (CFU mL1) results from
plates from average of seven sites incubated at 4, 15, 25 C.
44 T. Segawa et al. / Polar Science 5 (2011) 41e51package (Ludwig et al., 2004), and the alignment cor-
rected manually. Closely related sequences, found by
a BLAST search were also added to the ARB database.
Alignments were exported from ARB removing ambig-
uously aligned hypervariable regions. The neighbor-
joiningmethod treewas constructed usingMega software,
version 4 (Tamura et al., 2007).
3. Nucleotide sequence accession numbers
The reported SSU rRNAsequences are listedwith their
respective GenBank accession numbers (AB545734e
AB545767).
4. Results and discussion
4.1. Bacterial isolates from Gulkana Glacier
The snow and ice samples cultured on R2A, DR2A,
LB, DLB, and xylose at 4, 15 and 25 C produced small
colonies approximately 1e2 mm in diameter after 14
days. Almost all isolates found in this study formed
pigmented colonies (pink, orange, white, cream and
yellow), agreeing with previous results from subglacial
samples (Foght et al., 2004). Pigmentation has been
reported to be necessary for resistance and adaptation to
cold temperatures, and carotenoids may be important in
maintaining membrane fluidity (Chattopadhyay and
Jagannadham, 2001; Fong et al., 2001; Price and
Sowers, 2004). Thus, pigmented colonies found in this
study also might show adaptation to cold environments.
From the colonies, a total of 234 isolates were identified
by 16S r RNA gene analysis; 208, 16, 7, 1, and 2 isolates
were isolated from R2A, DR2A, LB, DLB, and xylose
media, respectively. All sequences of the isolates from
LB, DLB, and xylose media were found in those from
R2A and DR2A medium. Plates with DR2A medium at
4 C yielded the highest number of viable bacteria,
ranging from 104e105 CFU mL1 (Fig. 2). This result
also suggested that the suitable growth conditions of
viable heterotrophic bacteria in this glacier were at low
temperatures. Margesin et al. (2002) reported that the
majority of bacterial isolates from Austrian alpine
glacier samples were able to grow at 2 C on R2A
medium. Of these, significantly fewer bacteria grew at
2 C than at 20 C. In the current study, the number of
CFU on R2A plates at 4 C and 15 C were almost
equivalent, however CFU numbers on DR2A plates
were greater at 4 C than at 15 C. This suggests that, at
low temperatures, DR2A medium may be more suitable
for isolation of bacterial communities than R2A
medium.According to the 16S rRNA gene analysis; 12, 49, 35,
23, 36, 39, and 40 isolates were cultured from sites S0,
S1, S2, S3, S4, S5 and S6, respectively (Table 1). Almost
all isolates from DR2A medium were identical (>99%)
according to sequencing analysis, so the diversity of
isolates from DR2Awas lower than from R2A medium.
The variation in the isolates among the study sites
was not statistically significant (one-way ANOVA,
P > 0.05). The 16S rRNA gene sequences showed that
the isolated organisms were Betaproteobacteria (97
isolates), Gammaproteobacteria (87 isolates), Bacter-
oidetes (29 isolates), Actinobacteria (19 isolates) and
Alphaproteobacteria (2 isolates).
The isolates of bacteria detected on the glacier are
consistent with previous bacterial isolation studies.
Simon et al. (2009), analyzed bacteria in glacial ice
samples from Northern Schneeferner in Germany and
reported that of a total of 13 isolates, four were Beta-
proteobacteria, three were Gammaproteobacteria, three
were Bacteroidetes and three were Actinobacteria.
Christner et al. (2003) analyzed cryoconite samples from
the Canada Glacier of theMcMurdo Dry Valley region of
Antarctica and reported that out of a total of nine isolates,
four were Bacteroidetes, three were Actinobacteria and
two were Betaproteobacteria. Cheng and Foght (2007)
reported that they analyzed the microbial community in
subglacial water from John Evans glacier in the Canadian
high Arctic by incubation on R2A medium. They
reported that the major taxa isolated comprised 46%
Bacteroidetes, 17% Betaproteobacteria, 11% Alphapro-
teobacteria, 3% Actinobacteria. Therefore, from this
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Fig. 3. Neighbor-joining tree showing the phylogenetic relationship of the Proteobacteria isolates from Gulkana Glacier and their nearest cultured
relatives based on GenBank 16S rRNA gene sequences (about 500 bp). One representative isolate sequence within each phylotype is shown and
the number of isolates within each phylotype is shown. Bootstrap values generated from 1000 replicates using the neighbor-joining method are
shown at the nodes. Bootstrap values greater than 60% are shown.
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Table 1
Comparison of isolate collection and clone library composition from this study and previous study.*
Phylogenetic
group
Clone library Isolate collection Numbers of isolates from each study site Numbers of
phylotype
Number of clones
(% of clone library)
Number of isolates
(% of isolates)
S0 S1 S2 S3 S4 S5 S6
a-Proteobacteria 116 (15.7) 2 (0.9) 0 1 1 0 0 0 0 2
b-Proteobacteria 40 (5.4) 97 (41.5) 6 24 20 7 9 16 15 12
d-Proteobacteria 1 (0.1) - - - - - - - - -
g-Proteobacteria 18 (2.4) 87 (37.2) 3 9 8 11 22 19 15 7
Acidobacteria 34 (4.6) - - - - - - - - -
Actinobacteria 74 (10) 19 (8.1) 0 9 2 2 3 3 0 4
Bacteroidetes 395 (53.5) 29 (12.4) 3 6 4 3 2 1 10 9
Chloroflexi 1 (0.1) - - - - - - - - -
Deinococcus-
Thermus
3 (0.4) - - - - - - - - -
Firmicutes 24 (3.2) - - - - - - - - -
Nitrospira 29 (3.9) - - - - - - - - -
Planctomycetes 2 (0.3) - - - - - - - - -
unclassified 2 (0.3) - - - - - - - - -
*Clone library study prepared from Gulkana Glacier (Segawa et al., 2010a).
46 T. Segawa et al. / Polar Science 5 (2011) 41e51study and these reports, major culturable bacteria from
glacier environments were considered to belong to
Betaproteobacteria, Bacteroidetes and Actinobacteria.
4.2. Phylogenetic analysis of the 16S rDNA
Analysis of the 16S rRNA gene sequences of 234
isolates revealed that the samples from the seven sites
contained a total of 34 different phylotypes (defined as
sequences with 99% similarity), designated Gu-R-
0eGu-R-33 (Table 2). Thirty-two, 11, 5, 1, and 1 phy-
lotypes were isolated from R2A, DR2A, LB, DLB, and
xylose medium, respectively. Furthermore, 22 phylo-
types were cultured only from R2A, two phylotypes
were isolated from DR2A only and ten phylotypes were
isolated from multiple media. Thirteen of the 34 phy-
lotypes were isolated only from sites S1 and S2 on the
lower part of the glacier, one of 34 was isolated only
from sites S3 and S4 on the middle part of the glacier,
two of 34 were isolated only from sites S5 and S6 on the
upper part of the glacier, and the others were isolated
from various altitudes on the glacier. The diversity of
the isolates from the lower part of the glacier was higher
than the middle to upper part of the glacier.
The 34 phylotypes were affiliated with the Betapro-
teobacteria (12phylotypes),Bacteroidetes (9phylotypes),
Gammaproteobacteria, (7 phylotypes), Actinobacteria (4
phylotypes) and Alphaproteobacteria (2 phylotypes)
(Figs. 3, 4). Almost all of the isolates exhibited 16S rRNA
gene sequences 98e99% similar to their closest cultured
relatives in the database, except isolates in Gu-R-13. The
Gu-R-13 phylotype displayed a sequence similarity of
96% to Herbaspirillum sp. CHNTR44 (DQ337592), andcontained 24 isolates (10.3% of all isolates) that repre-
sented previously uncultivated species.
The sequences of the isolates were related to bacteria
that inhabit a broad range of environments, including
soil, sea-ice, river, marine, glacial ice and other envi-
ronments. Database analysis of the 16S rRNA gene
revealed that the sequence of 26 of the 34 phylotypes
was greater than 99% similar to that of species previ-
ously recorded from cold environments such as Arctic
sea ice, snow from Antarctica, soil from Antarctica, and
permafrost from the Qinghai-Tibet plateau (Table 2).
A large number of isolates (26 phylotypes accounting
for 76.5% of the isolates) may be adapted to cold
environments. The genera Cryobacterium, Janthino-
bacterium, and Variovorax were reported as psychro-
philic and psychrotrophic bacteria growing on the snow
in Japan (Segawa et al., 2005), thus they may be
specialized members in snow and ice of the snow biota.
According to Segawa et al. (2010a), the 16S rRNA
gene clone libraries contained a total of 100 OTUs
(operational taxonomic units) with 99% sequence
identity (Table 1). The five phylotypes sequences (Gu-
R-8, 9, 21, 22, and 24) in the current study were
99.6e100% similar to the ones (about 500 bp) previ-
ously reported in the environmental clone analysis
(Segawa et al., 2010a). Five of the phylotypes appeared
in the clone library, corresponding with 6.5% in the
clone library. Altitudinal distributions of four of these
five phylotypes were consistent in both studies. Gu-R-
22 (Fig. 4) exhibited 99.7% similarity to Gu-clone-4 in
the clone library that dominated on the middle part of
the glacier, and thus is considered to be one of the
dominant groups on this glacier. But all of the
Table 2
Identification of isolated bacteria from Gulkana Glacier.
Bacterial division Phylotype number /
accettion number
No. of
strains
Closest GenBank cultured
relative
Accession
number
%
similarity
Recorded from cold environment (>99% similarity)
Actinobacteria Gu-R-22 / AB545756 3 Arctic sea ice bacterium
ARK10173
AF468440 99 Arctic sea ice-melt pond (AF468440), Arctic pack ice (AF468262),
Lake Vida ice cover, Antarctica (DQ521535)
Gu-R-23 / AB545757 6 Arctic sea ice bacterium ARK10173 AF468440 99 Arctic sea ice-melt pond (AF468440), Snow in Antarctica (AB519653)
Gu-R-19 / AB545753 7 Arctic sea ice bacterium ARK10186 AF468441 99 Arctic sea ice-melt pond (AF468441)
Gu-R-17 / AB545751 3 Cryobacterium sp. ER1 FJ517629 99 Glacier ice in Germany (EU978847), John Evans Glacier, Canada (DQ628922),
Siberian permafrost in Russia (AY539810), soil in Antarctica (FJ517629)
Bacteroidetes Gu-R-1 / AB545735 1 Flavobacterium sp. KOPRI 25152 FJ544919 99 John Evans Glacier, Canada (DQ228404)
Gu-R-20 / AB545754 6 Flavobacterium sp. PR30-9 EU057851 99 Antarctic seawater (AB183888)
Gu-R-12 / AB545746 1 Flavobacterium sp. SIB A4(8) DQ628949 99 John Evans Glacier, Canada (DQ628919), Snow from Mt. Everest,
China (EF190145)
Gu-R-2 / AB545736 1 Flavobacterium sp. WB3.4-76,
strain WB3.4-76.
AM934664 98 -
Gu-R-0 / AB545734 1 Hymenobacter sp. 1004 EF423320 97 -
Gu-R-29 / AB545763 2 Pedobacter cryoconitis,
strain DSM 14825T.
AJ438170 99 Alpine glacier cryoconite, Austria (AJ438170), Glacier ice in
Germany (EU978851)
Gu-R-7 / AB545741 14 Pedobacter sp. JC2492 EU642850 99 Glacier ice in Germany (EU978845)
Gu-R-3 / AB545737 2 Sejongia sp. KOPRI 25179 FJ544917 98 -
Gu-R-26 / AB545760 1 Sphingobacterium sp. OM-E81 AB020206 99 Alpine glacier cryoconite, Austria (AJ438170), Soil in Antarctica (EU637886)
a-Proteobacteria Gu-R-30 / AB545764 1 Antarctic bacterium strain 3C2 EU636065 99 Collins Glacier in Antarctica (EU636065), Franz Josef and Fox glaciers in
New Zealand (AY315166)
Gu-R-18 / AB545752 1 Sphingomonas
sp. II_Gauze_W_12_8
FJ267571 99 Mountain snow in China (EF103200), TianShan permafrost in China (DQ151834)
b-Proteobacteria Gu-R-33 / AB545767 1 Antarctic bacterium strain GA057 EU636044 99 Collins Glacier in Antarctica (EU636044), Snow in Antarctica (AB519658)
Gu-R-31 / AB545765 1 Arctic sea ice bacterium ARK10157 AF468345 99 Melt pond on Arctic sea ice floe (AF468330), John Evans Glacier, Canada
(DQ228407)
Gu-R-8 / AB545742 5 Beta proteobacterium Wuba72 AF336361 99 Collins Glacier in Antarctica (EU636029), John Evans Glacier, Canada
(DQ228409), Subglacial sediments in Antarctica (FJ477327)
Gu-R-9 / AB545743 5 Glacier bacterium FJI50 AY315174 99 Franz Josef and Fox glaciers in New Zealand (AY315174), John Evans
Glacier, Canada (DQ628940), Lake Vida ice cover, Antarctica (DQ521547)
Gu-R-13 / AB545747 24 Herbaspirillum sp. CHNTR44 DQ337592 96 -
Gu-R-32 / AB545766 1 Janthinobacterium lividum strain XT1 EU642885 98 -
Gu-R-4 / AB545738 20 Janthinobacterium lividum strain XT1 EU642885 99 Glacier ice in Germany (EU978844), Glacier in Xinjiang, China (EU642885),
Collins Glacier in Antarctica (EU636043)
Gu-R-14 / AB545748 1 Janthinobacterium sp. Asd M7A2,
strain Asd M7A2.
FM955878 99 Sandy sediment, Midre Lovenbreen Glacier, Svalbard (FM955878)
Gu-R-16 / AB545750 18 Janthinobacterium sp. Asd M7A2,
strain Asd M7A2.
FM955878 98 -
Gu-R-25 / AB545759 2 Undibacterium pigrum, type strain
CCUG 49009T.
AM397630 98 -
Gu-R-5 / AB545739 2 Undibacterium sp. CCUG 49012 AM397629 98 -
Gu-R-24 / AB545758 17 Variovorax sp. WPCB174 FJ006917 99 Roopkund Glacier soil, India (EU934231), Qinghai-Tibet Plateau permafrost,
China (DQ177491)
(continued on next page)
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48 T. Segawa et al. / Polar Science 5 (2011) 41e51remaining isolates in the current study were not
detected in the clone library. Segawa et al. (2010a)
reported that database analysis of the 16S rRNA gene
revealed that only five of the 17 dominant amplified
OTUs demonstrated greater than 97% similarity to their
closest cultured relatives in the database. The remain-
ing OTUs belonged to unknown taxonomical groups.
However, 33 of the total 34 phylotypes in this study
showed greater than 97% similarity to those in the
database and most of those were reported in other cold
environments (Table 2). According to Amann et al.
(1995), the proportion of culturable bacteria is quite
low in natural environments. Our results also suggest
that glacier samples contain many uncultured bacteria,
which may be difficult to isolate on standard media.
Large percentages of the clone library belonged to the
Bacteroidetes (53.5%) and Proteobacteria (23.7%)
(Table 1) suggesting that the bacteria in these groups,
especially theBacteroidetes, were dominantmembers in
the glacier ecosystem (Segawa et al., 2010a). On the
other hand, Proteobacteria (79.5%) were abundant in
the isolates (Table 1). This lack of correlation between
studies could be due to the medium used in the current
study and/or the use of fully aerobic incubation condi-
tions instead of microaerobic and anaerobic conditions.
Segawa et al., (2010a) cultured some isolates belonging
to five of the 17 dominant OTUs in the clone library by
using melted snow medium at 4 C but failed to
subculture them, suggesting that it was important to use
a medium as close to in situ environments as possible.
The relationship between bacteria and snow algae
could also be important. Takeuchi (2001) reported that
the community structure of snow algae changed with
altitude on Gulkana Glacier. Similar zoning of the snow
algae communitywas also reported on aHimalayanglacier
(Yoshimura et al., 1997) and a Patagonian glacier
(Takeuchi and Kohshima, 2004). Distribution of snow
algae in the Himalayan glacier could be affected by
temperature, light intensity, nutrients, and so on, which
differed with altitude (Yoshimura et al., 1997). Previous
research has suggested that bacteria in the cryoconite
holes of the glacier, respiring organic carbon compounds
(Foreman et al., 2007), demonstrated a strong relation-
ship between bacteria and snow algae (Stibal et al., 2006;
Thomas and Duval, 1995). Since bacteria were considered
to obtain organic matter produced by snow algae, the
distribution of snow algae may affect the altitudinal
variation in bacterial communities on the glacier. To
explore these relationships, in situ imaging techniques,
such as fluorescence in situ hybridization could be useful
in demonstrating spatial distribution of both bacteria and
snow algae.
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 AF468441 Arctic sea ice bacterium ARK10186 
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 AB519653 Uncultured bacteriumclone: R1 
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Fig. 4. Neighbor-joining tree showing the phylogenetic relationship of the Bacteroidetes, Actinobacteria, Acidobacteria and Firmicutes from
Gulkana Glacier and their nearest cultured relatives based on GenBank 16S rRNA gene sequences (about 500 bp). One representative isolate
sequence within each phylotype is shown and the number of isolates within each phylotype is shown. Bootstrap values generated from 1000
replicates using the neighbor-joining method are shown at the nodes. Bootstrap values greater than 60% are shown above.
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50 T. Segawa et al. / Polar Science 5 (2011) 41e515. Conclusion
The present work is intended to reveal culturable
bacterial communities on Gulkana Glacier, Alaska.
Results indicated low temperature is the suitable growth
conditions for viable heterotrophic bacteria because the
highest number of colony-forming units (CFU) was
observed on diluted R2A (DR2A) agar plates incubated
at 4 C. Analysis of the 16S rRNA gene sequences of 234
isolates from the seven sites revealed that theglacial snow
and ice samples were dominated by Betaproteobacteria
(97 isolates) and Gammaproteobacteria (87 isolates),
and contained a total of 34 different phylotypes (defined
as sequences with 99% similarity) which affiliated with
the Betaproteobacteria (12 phylotypes), Bacteroidetes
(9 phylotypes), Gammaproteobacteria (7 phylotypes),
Actinobacteria (4 phylotypes), and alphaproteobacteria
(2 phylotypes). Of these phylotypes, 26 (76.5%) were
similar to the phylotypes of bacteria previously recorded
from cold environments. Comparison with the results of
a previous independent culture study suggested that
Bacteroidetes and Proteobacteria were abundant in
this glacier. A combination of culture-dependent and
culture-independent studies could lead a more accu-
rate understanding of bacterial communities on glaciers.
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